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(57) ABSTRACT

An example extraction system includes a main body having
a collar coupler for coupling to a pierceable portion of a
container such that the first channel is in fluid communica-
tion with the pierceable portion when the container is
coupled to the coupler, where the second body end defines
a second channel extending such that the second channel is
in fluid communication with the first channel; and a piston
defining a piston channel extending from the first piston end
to the second piston end, the piston including a hollow
needle fluid communication with the piston channel, where
the piston is slidably disposable within the second channel
such that the hollow needle of the piston can extend through
the first channel to pierce the pierceable portion of the
container such that the container is in fluid communication
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Providing the material in a container, wherein the container comprises /
a pierceable portion

) 4

Coupling the container to a main body, wherein the main body / 420
comprises a piston configured to pierce the pierceable portion of the
container, the piston comprising a hollow needle

v / 430
Coupling the main body to a containment vessel

\ 4 / 440
Heating the container to produce a processed material

v / 450
Piercing the pierceable portion of the container using the piston

Retrieving the processed material
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GAS AND SAMPLE EXTRACTION SYSTEM
FOR HIGH-TEMPERATURE IRRADIATED
SAMPLES OF MOLTEN SALT,
RADIOPHARMACEUTICAL, TRITIUM GAS,
AND NOBLE GAS PRODUCTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. provi-
sional patent application No. 63/401,424 filed on Aug. 26,
2022, and titled “GAS AND SAMPLE EXTRACTION
SYSTEM FOR HIGH-TEMPERATURE IRRADIATED
SAMPLES OF MOLTEN SALT, RADIOPHARMACEU-
TICAL, TRITIUM GAS, AND NOBLE GAS PRODUC-
TION,” the disclosure of which is expressly incorporated
herein by reference in its entirety.

STATEMENT OF GOVERNMENT SUPPORT

[0002] This invention was made with government support
under DE-NE0009161 awarded by the Department of
Energy. The government has certain rights in the invention.

BACKGROUND

[0003] Radioactive substances can emit ionizing radiation
that can damage materials and harm people and animals over
time. Radioactive gasses can be particularly dangerous as
they can be inhaled and spread quickly through the air. The
challenges of working with radioactive substances are mag-
nified when the work includes heating and/or performing
chemical processing with those radioactive substances.
Chemical processing and heating are important parts of
researching radioactive substances, and can also be used to
produce reagents for commercial and/or industrial pro-
cesses. Tools for working with radioactive gasses are spe-
cialized, and can include combinations of internally con-
tained structures (e.g., containment vessels) and sealing to
contain and redirect radioactive gasses to prevent their
exposure to people and the environment.

SUMMARY

[0004] In some aspects, the techniques described herein
relate to an extraction system, the system including: a main
body having a longitudinal axis, a first body end, and a
second body end opposite and spaced apart along the
longitudinal axis from the first body end, wherein the first
body end includes a collar coupler for coupling the main
body to a pierceable portion of a container defining a
container chamber, the first body end defining a first channel
extending along the longitudinal axis toward the second
body end such that the first channel is in fluid communica-
tion with the pierceable portion when the container is
coupled to the coupler, wherein the second body end defines
a second channel extending along the longitudinal axis
toward the first body end such that the second channel is in
fluid communication with the first channel; and a piston
having a first piston end and a second piston end opposite
and spaced apart from the first piston end, the piston defining
a piston channel extending from the first piston end to the
second piston end, the piston including a hollow needle
extending from the first piston end and in fluid communi-
cation with the piston channel, wherein the piston is slidably
disposable within the second channel such that, when the
piston slides through the second channel toward the first
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body end, the hollow needle of the piston extends through
the first channel to pierce the pierceable portion of the
container such that the container chamber of the container is
in fluid communication with the second body end through
the hollow needle, the piston channel, and the second
channel.

[0005] In some aspects, the techniques described herein
relate to a system, wherein, when the main body is oriented
such that the longitudinal axis is parallel to a gravitational
axis and the first body end is below the second body end, the
piston is slidable through the second channel toward the first
body end by gravity.

[0006] In some aspects, the techniques described herein
relate to a system, wherein the pierceable portion of the
container is a foil cap.

[0007] In some aspects, the techniques described herein
relate to a system, further including a containment vessel,
the containment vessel including an opening configured to
couple to the main body.

[0008] In some aspects, the techniques described herein
relate to a system, further including a heater disposed within
the containment vessel.

[0009] In some aspects, the techniques described herein
relate to a system, wherein the containment vessel further
includes a cooling jacket.

[0010] In some aspects, the techniques described herein
relate to a system, further including a sensor disposed within
the containment vessel.

[0011] In some aspects, the techniques described herein
relate to a system, further including a tube disposed in the
hollow needle of the piston.

[0012] In some aspects, the techniques described herein
relate to a system, further including a rod disposed within
the tube and configured to retrieve a sample from the
container through the hollow needle of the piston.

[0013] In some aspects, the techniques described herein
relate to a system, wherein the collar coupler includes two
or more collar portions are movable radially inwardly to
contact a portion of the container.

[0014] In some aspects, the techniques described herein
relate to a method of processing a material, the method
including: providing the material in a container, wherein the
container includes a pierceable portion; coupling the con-
tainer to a main body, wherein the main body includes a
piston configured to pierce the pierceable portion of the
container, the piston including a hollow needle; coupling the
main body to a containment vessel; heating the container to
produce a processed material; piercing the pierceable por-
tion of the container using the piston; and retrieving the
processed material.

[0015] In some aspects, the techniques described herein
relate to a method, wherein the processed material includes
tritium, and a radioactive salt.

[0016] In some aspects, the techniques described herein
relate to a method, wherein piercing the pierceable portion
of the container includes rotating the main body.

[0017] In some aspects, the techniques described herein
relate to a method, wherein the main body is oriented so that
the piston is pulled toward the pierceable portion of the
container by gravity.

[0018] In some aspects, the techniques described herein
relate to a method, wherein retrieving the processed material
includes inserting a tube or wire through the hollow needle.
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[0019] In some aspects, the techniques described herein
relate to a method, wherein retrieving the processed material
includes venting a gas through the hollow needle.

[0020] In some aspects, the techniques described herein
relate to a method, wherein the method further includes
purging the container.

[0021] In some aspects, the techniques described herein
relate to a method, wherein purging the container includes
adding an inert gas to the container.

[0022] In some aspects, the techniques described herein
relate to a method, wherein the inert gas includes argon.
[0023] In some aspects, the techniques described herein
relate to a method, further including cooling at least one of
the main body, the container, or the material using a cooling
jacket.

[0024] It should be understood that the above-described
subject matter may also be implemented as a computer-
controlled apparatus, a computer process, a computing sys-
tem, or an article of manufacture, such as a computer-
readable storage medium.

[0025] Other systems, methods, features and/or advan-
tages will be or may become apparent to one with skill in the
art upon examination of the following drawings and detailed
description. It is intended that all such additional systems,
methods, features and/or advantages be included within this
description and be protected by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 illustrates a system including a main body
and piston, according to implementations of the present
disclosure.

[0027] FIG. 2 illustrates a system including a main body,
piston, and containment vessel, according to implementa-
tions of the present disclosure.

[0028] FIG. 3 illustrates a tube and rod configured to
extract samples from a container through a piston and main
body, according to implementations of the present disclo-
sure.

[0029] FIG. 4 illustrates a method of processing a mate-
rial, according to implementations of the present disclosure.
[0030] FIG. 5 illustrates an example capsule alignment
holder, according to implementations of the present disclo-
sure.

[0031] FIG. 6 illustrates an example outer irradiation
vessel and crimped quartz capsule container that can be used
in implementations of the present disclosure.

[0032] FIG. 7 illustrates a sample encapsulated using the
outer irradiation vessel and crimped quartz capsule container
shown in FIG. 6.

[0033] FIG. 8 illustrates a cross section of a system for
heating a sample and extracting the sample from a sample
vial, according to implementations of the present disclosure.
[0034] FIG. 9 illustrates a system including a containment
vessel according to implementations of the present disclo-
sure.

[0035] FIG. 10 illustrates an example tube for aligning and
venting a sample capsule, according to implementations of
the present disclosure.

[0036] FIG. 11 illustrates an example glovebox according
to implementations of the present disclosure.

[0037] FIG. 12 illustrates an example high purity germa-
nium detector with multi-channel analyzer according to
implementations of the present disclosure.
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[0038] FIG. 13 illustrates an example gravity rod, accord-
ing to implementation of the present disclosure.

[0039] FIG. 14A illustrates a line drawing of a cross
section of an example implementation of the present disclo-
sure.

[0040] FIG. 14B illustrates a cross section of the example
implementation shown in FIG. 14A.

[0041] FIG. 15A illustrates aluminum crimp caps, accord-
ing to implementations of the present disclosure.

[0042] FIG. 15B illustrates example solid caps, according
to implementations of the present disclosure.

[0043] FIG. 16A illustrates an example gasket, according
to implementations of the present disclosure.

[0044] FIG. 16B illustrates an example flexible graphite
gasket, according to implementations of the present disclo-
sure.

[0045] FIG. 17 illustrates example properties of mica
gaskets, according to implementations of the present disclo-
sure.

[0046] FIG. 18A illustrates a first view of an example
experimental configuration of a container, according to
implementations of the present disclosure.

[0047] FIG. 18B illustrates a view of an example experi-
mental configuration of the container of FIG. 18A including
a cap and foil.

[0048] FIG. 18C illustrates a view of the example con-
figuration of the container of FIG. 18A where the foil is
positioned over the container.

[0049] FIG. 18D illustrates a view of the example con-
figuration of the container of FIG. 18A where the cap and
foil seal a fluid inside the container.

[0050] FIG. 18E illustrates a view of the example con-
figuration of the container of FIG. 18D where the container
is placed upright.

[0051] FIG. 19A illustrates an example leak test using 11
mm seals with heated vapor, according to implementations
of the present disclosure.

[0052] FIG. 19B illustrates the results of the example leak
test shown in FIG. 19A.

[0053] FIG. 20A illustrates an example heating profile
within the containment vessel without cooling jacket water
circulating for the implementation of the present disclosure
shown in FIG. 8.

[0054] FIG. 20B illustrates an example heating profile
within the containment vessel with cooling jacket water
circulating for the implementation of the present disclosure
shown in FIG. 8.

[0055] FIG. 21A illustrates an experimental implementa-
tion of a stainless steel jacketed container.

[0056] FIG. 21B illustrates a heating mechanism that can
be positioned in the stainless steel jacketed container of FI1G.
21A.

[0057] FIG. 21C illustrates the heating mechanism of FIG.
21B in the stainless steel jacketed container of FIG. 21A.
[0058] FIG. 22A illustrates a bottom view of a sample
alignment holder and collar for locking in the sample vessel,
according to implementations of the present disclosure.
[0059] FIG. 22B illustrates a perspective view of the
sample alignment holder shown in FIG. 22A.

[0060] FIG. 23A illustrates a closed sample alignment
collar, according to an example implementation.

[0061] FIG. 23B illustrates an open sample alignment
collar, according to an example implementation.
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[0062] FIG. 23C illustrates an example venting cylinder
and needle, according to an example implementation
described herein.

[0063] FIG. 23D illustrates an example venting needle
with a fitted spacer, according to an example implementation
described herein.

[0064] FIG. 23E illustrates an example perspective view
of a venting cylinder.

[0065] FIG. 23F illustrates a perspective view of an
example venting cylinder with a needle installed.

[0066] FIG.24A illustrates a perspective view of a venting
cylinder and needle with extraction tube inserted, according
to implementations of the present disclosure.

[0067] FIG. 24B illustrates a illustrates a perspective view
of the venting cylinder, needle, and extraction tube with a
smaller extraction for alignment and insertion of extraction
wire for sampling of FIG. 24A.

[0068] FIG. 24C illustrates an example alignment appa-
ratus and venting cylinder and rod, according to implemen-
tations of the present disclosure.

[0069] FIG. 24D illustrates the venting cylinder disposed
with the alignment apparatus, according to implementations
of the present disclosure.

[0070] FIG. 24E illustrates a perspective view of the
venting cylinder and needle in the dropped position where
the needle would penetrate the sample container/vial.
[0071] FIG. 25A illustrates a flexible graphite gasket,
aluminum foil, and crimp cap for sealing the sample con-
tainer/vial according to implementations of the present dis-
closure.

[0072] FIG. 25B illustrates crimping a cap, foil, and
grafoil together.

[0073] FIG. 25C illustrates attaching a capsule head into a
holder with collar.

[0074] FIG. 25D illustrates closing an alignment collar
around the capsule.

[0075] FIG. 25E illustrates tightening the alignment collar
fasteners of FIG. 25D.

[0076] FIG. 25F illustrates positioning the venting cylin-
der with needle in the alignment tube.

[0077] FIG. 26A illustrates loading a venting needle into
an alignment tube, using the implementation of the present
disclosure shown in FIGS. 25A-25F.

[0078] FIG. 26B illustrates the venting needle and align-
ment tube of FIG. 26A aligned so that the force of gravity
propels the venting needle through the foil cap.

[0079] FIG. 27A illustrates an experimental implementa-
tion including a containment vessel, according to implemen-
tations of the present disclosure.

[0080] FIG. 27B illustrates the containment vessel of FIG.
27A in an open position.

[0081] FIG. 27C illustrates inserting an alignment tube
into the containment vessel of FIG. 27B.

[0082] FIG. 27D illustrates the alignment tube in the
containment vessel of FIG. 27B.

[0083] FIG. 27E illustrates closing the containment vessel
of FIG. 27B.
[0084] FIG. 27F illustrates the containment vessel of FIG.

27B in a closed position.

[0085] FIG. 28A illustrates the experimental implementa-
tion of FIGS. 27A-27F rotated 90 degrees.

[0086] FIG. 28B illustrates a venting cylinder/needle
loaded into the alignment tube shown in FIG. 28A.
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[0087] FIG. 28C illustrates the venting apparatus of FIG.
28B loaded and the vessel sealed with tri-clamp fittings
horizontally.

[0088] FIG. 28D illustrates the containment vessel of FIG.
28C with the tri-clamp fittings attached.

[0089] FIG. 29A illustrates the containment vessel turned
upright to allow the weighted piston to drop onto the sample
vessel and pierce the capsule seal.

[0090] FIG. 29B illustrates venting the containment vessel
shown in FIG. 29A.

[0091] FIG. 29C illustrates opening a center isolation
valve to insert an extraction tube and sampling wire.

[0092] FIG. 29D illustrates sampling the capsule shown in
FIG. 29C.
[0093] FIG. 30 illustrates monitoring the heating and

pressure of an example containment vessel during an experi-
ment.

[0094] FIG. 31 illustrates a cooling and processing system
for radioactive gasses, according to implementations of the
present disclosure.

[0095] FIG. 32 illustrates an experimental setup, accord-
ing to implementations of the present disclosure.

[0096] FIG. 33A illustrates an aluminum crimp cap after 1
hour at 700 degrees Celsius based on the internal chamber
temperature, according to implementations of the present
disclosure.

[0097] FIG. 33B illustrates a grafoil gasket after 1 hour at
700 degrees Celsius based on the internal chamber tempera-
ture, according to implementations of the present disclosure.
[0098] FIG. 33C illustrates a second view of a grafoil
gasket after 1 hour at 700 degrees Celsius based on the
internal chamber temperature, according to implementations
of the present disclosure.

[0099] FIG. 33D illustrates a third view of a grafoil gasket
after 1 hour at 700 degrees Celsius based on the internal
chamber temperature, according to implementations of the
present disclosure.

DETAILED DESCRIPTION

[0100] The devices, systems, and methods disclosed
herein provide for a working containment system for heating
and off-gassing of radioactive samples where the release of
airborne radionuclides is expected. The devices, systems,
and methods disclosed herein allow for at least 20 mL of
sample material to be positioned within a sealed, high
temperature furnace chamber with an alignment tube. The
capsule is subsequently pierced and vented using a weighted
cylinder fitted with a stainless steel air needle for controlled
off-gassing and measurement. Furnace heating may be con-
ducted during any stage of assembly but is recommended
while the vessel is sealed with cooling water being supplied
to the external cooling jacket. Temperatures may safely
reach between 500-800 degrees centigrade with cooling
water being supplied at room temperature.

[0101] Various implementations include a sample extrac-
tion system. The system includes a main body and a piston.
The main body has a longitudinal axis, a first body end, and
a second body end opposite and spaced apart along the
longitudinal axis from the first body end. The first body end
includes a collar coupler for sealingly coupling the main
body to a pierceable portion of a container defining a
container chamber. The first body end defines a first channel
extending along the longitudinal axis toward the second
body end such that the first channel is in fluid communica-
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tion with the pierceable portion when the container is
coupled to the coupler. The second body end defines a
second channel extending along the longitudinal axis toward
the first body end such that the second channel is in fluid
communication with the first channel. The piston has a first
piston end and a second piston end opposite and spaced apart
from the first piston end. The piston defines a piston channel
extending from the first piston end to the second piston end.
The piston includes a hollow needle extending from the first
piston end and in fluid communication with the piston
channel. The piston is slidably disposable within the second
channel such that, when the piston slides through the second
channel toward the first body end, the hollow needle of the
piston extends through the first channel to pierce the pierce-
able portion of the container such that the container chamber
of the container is in fluid communication with the second
body end through the hollow needle, the piston channel, and
the second channel.

[0102] Insome implementations, the coupler includes two
or more collar portions are movable radially inwardly to
contact a portion of the container.

[0103] In some implementations, when the main body is
oriented such that the longitudinal axis is parallel to a
gravitational axis and the first body end is below the second
body end, the piston is slidable through the second channel
toward the first body end by gravity.

[0104] In some implementations, the pierceable portion of
the container is a grafoil seal.

[0105] In some implementations, the system further
includes a jacket defining a jacket chamber and including a
lid for sealing the jacket chamber. The jacket chamber is
configured to support the main body and a container coupled
to the coupler of the main body in a fixed position. In some
implementations, the system further includes a heater dis-
posed within the jacket. In some implementations, the
system further includes one or more sensors disposed within
the jacket chamber.

[0106] Implementations of the present disclosure can
include a main body that positions a container that is sealed
with a cap, and a piston with a needle that can pierce the
container sealed with the cap to open the container. This can
be used for safe processing of toxic or radioactive materials
within the container, as the container can be vented without
requiring a person to manually unseal the container.
[0107] FIG. 1 illustrates a system 100 according to imple-
mentations of the present disclosure. The system 100 can
include a main body 110. The main body 110 can include a
longitudinal axis 112, a first body end 114, and a second
body end 116 opposite and spaced apart along the longitu-
dinal axis 112 from the first body end 114.

[0108] The first body end 114 can include a collar coupler
for coupling the main body 110 to a container 120. The
container can include a pierceable portion 122.

[0109] The pierceable portion 122 of the container 120 can
optionally be a foil cap. A non-limiting example of a foil that
can be used for the foil cap is an aluminum foil. Optionally,
the pierceable portion 122 can be sealed to the container 120
using a grafoil material.

[0110] The first body end 114 can define a first channel
134 extending along the longitudinal axis 112 toward the
second body end 116 such that the first channel 134 is in
fluid communication with the pierceable portion 122 when
the container 120 is coupled to the collar coupler 140.
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Optionally, the collar coupler can include two or more collar
portions are movable radially inwardly to contact a portion
of the container 120.

[0111] The second body end 116 can define a second
channel 136 extending along the longitudinal axis toward
the first body end 114 such that the second channel 136 is in
fluid communication with the first channel 134.

[0112] The system 100 can further include a piston 150.
The piston 150 can have a first piston end 152 and a second
piston end 154. As shown in FIG. 1, the first piston end 152
can spaced from the second piston end 154 and opposite to
the second piston end 154. The piston 150 can include a
piston channel 160 extending from the first piston end 152
to the second piston end 154, the piston including a hollow
needle 170 extending from the first piston end 152 and in
fluid communication with the piston channel 160. FIG. 13
illustrates an example gravity rod, according to implemen-
tation of the present disclosure.

[0113] Still with reference to FIG. 1, the piston 150 can be
sized so that it fits within the second channel 136 of the main
body 110. The piston 150 can be positioned so that it can
slide within the second channel 136. The piston 150 can
slide so that the hollow needle 170 contacts the pierceable
portion 122 of the container 120. The hollow needle 170 can
pierce the pierceable portion 122 of the container 120 to
expose the inside of the container 120 to the piston channel
160. When the hollow needle 170 pierces the pierceable
portion 122, any or all of the container 120, piston channel
160, and second channel 136 can be in fluid communication
with one another.

[0114] Optionally, the system 100 can be operated by
orienting the main body 110 so that the longitudinal axis 112
of the main body 110 is parallel to the gravitational axis (i.e,
the main body 110 is positioned so that the hollow needle
170 of the piston 150 in the second channel 136 is pointed
toward the ground). As used herein the term “gravitational
axis” refers to the direction of the force of gravity. The force
of gravity can then cause the piston 150 to slide through the
second channel 136. Implementations of the present disclo-
sure can be configured so that the force of gravity on the
piston 150 is sufficient to cause the hollow needle 170 to
pierce the priceable portion 122 of the container 120.
Optionally, the needle 170 and/or combination of needle 170
and piston 150 can be referred to herein as a “gravity rod”
(for example, the gravity rod shown in FIG. 13).

[0115] With reference to FIG. 2, a system 200 including
the main body 110 and piston 150 of FIG. 1 disposed in a
containment vessel 210. The main body 110 and piston 150
shown in FIG. 2 are described with reference to FIG. 1. The
containment vessel 210 can be configured to couple to the
main body 110. FIG. 1 and FIG. 2 illustrate a connector 175
for connecting the main body 110 to the containment vessel
210.

[0116] In some implementations, the containment vessel
210 can include a heater 230. The heater can be used to heat
the container 120 and/or any materials inside the container
120.

[0117] In some implementations, the containment vessel
210 can include a cooling jacket 220. The cooling jacket can
extend partially or completely around the containment ves-
sel 210 and/or main body 110. The cooling jacket 220 can be
configured to allow a coolant to flow through the cooling
jacket to keep the outer surfaces of the containment vessel
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210 from reaching temperatures that could damage compo-
nents of the main body and/or containment vessel.

[0118] In some implementations, the containment vessel
210 can include one or more sensors 250. Non-limiting
examples of sensors 250 that can be used include signal
wires, temperature sensors, thermocouples, and/or pressure
sensors.

[0119] In some implementations, the system 100 can fur-
ther include a rod and/or tube to collect samples from the
container 120. FIG. 3 illustrates a system 300 including the
system 100 shown and described in FIG. 1 with a rod 302
or wire and tube 304. FIG. 3 illustrates a configuration of the
system 100 when the piston 150 and hollow needle 170 have
been used to pierce the pierceable portion 122 of the
container 120. In this configuration, the rod 302 and/or tube
304 can be inserted through the piston channel 160, the first
channel 134, the second channel 136 and into the container
120. For example, in some implementations the container
120 can contain a gas and the rod may not be needed to
extract the gas from the container. Alternatively or addition-
ally, the container 120 may contain a solid and the rod 302
may be used with or without the tube 304 to extract a sample
of'the solid. Alternatively or additionally, the rod and/or tube
may be used to extract liquids from the container. It should
also be understood that any combination of the rod and/or
tube can be used to extract any combination of liquids,
solids, and gasses from the container 120, according to
various implementations of the present disclosure.

[0120] With reference to FIG. 4, a method 400 of pro-
cessing a material according to implementations of the
present disclosure is shown. The method 400 can be per-
formed using the systems 100, 200, 300 shown and
described with reference to FIGS. 1-3.

[0121] At step 410, the method includes providing the
material in a container, where the container includes a
pierceable portion.

[0122] At step 420 the method includes coupling the
container to a main body, wherein the main body comprises
a piston configured to pierce the pierceable portion of the
container, the piston comprising a hollow needle

[0123] At step 430 the method includes coupling the main
body to a containment vessel.

[0124] At step 440 the method includes heating the con-
tainer to produce a processed material. In some implemen-
tations, the method 400 can further include cooling the main
body, the container, and/or the material using a cooling
jacket. The cooling jacket can circulate a liquid or gas near
the main body, container and/or material to cool any/all of
the parts of the system.

[0125] At step 450 the method includes piercing the
pierceable portion of the container using the piston. In some
implementations, the piston can be caused to pierce the
piercable portion of the container by the force of gravity. The
main body can be turned so that gravity pulls the piston
toward the container. Optionally, this can include rotating
the main body so that the main body is positioned with the
piston above the container.

[0126] At step 460 the method includes retrieving the
processed material. In some implementations of the present
disclosure, the method 400 can be used to generate tritium
and the processed material can be tritium. Alternatively or
additionally, the method 400 can be used to liquefy a
radioactive salt, and the processed material can be the
radioactive salt. The processed material can be retrieved at
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step 460 by inserting a tube and/or wire through the hollow
needle of the piston to remove the processed material from
the container. Optionally, gasses can be vented through the
hollow needle of the piston.

[0127] In some implementations, the method can include
purging the container using a gas. Optionally, the gas can be
introduced through a tube inserted into the container. The
gas can be an inert gas, and a non-limiting example of an
inert gas that can be used in some implementations is argon.

Example 1

[0128] Example implementations of the present disclosure
were designed, built and tested.

[0129] An example implementation includes a radioactive
tracer dilution (RTD) application for mass determination of
irradiated fuel-bearing molten salt for nuclear material con-
trol and accounting (MC&A) scenarios. The irradiation
experiment can be designed for a fuel-bearing chloride salt
sample mixed with a radioactive tracer (**Na) of known
activity and used for sampling the mixture for activation
analysis.

[0130] The **Na is an effective radioactive tracer to test
the RTD concept [1]. This tracer was chosen because it
undergoes beta+decay and is mainly produced by **Mg(d,
o)**Na reaction with an accelerator and a specific target.
There can be two possibilities from which **Na might be
produced in a fission system, such as the double reactions,
°Li(n,)’H and *°Ne(*H,n)**Na, which, however, has an
extremely low yield in a fission reactor. The **Na radioiso-
tope could also be produced by spallation of argon gas,
which, is more likely in nuclear detonation scenarios.
[0131] The radioisotope **Na has known chemical com-
patibility with actinides and fission products in molten salt
chloride and fluoride salts; it emits a 1274.54 keV gamma-
ray that can be outside of the Compton plateau of many
fission products. A known challenge is that it has an iden-
tified overlapping peak at 1274.43 keV from 154FEu. This
interference can be resolved by measuring other gamma
peaks from 154Eu, from which the **Na gamma peak counts
can be determined with the help of known branching ratio of
154Eu decay. However, there may be unknown interference
if it is a real fission spectrum, which can only be investigated
by irradiating a fuel-bearing salt to introduce fission prod-
ucts. It should be understood that the equipment and pro-
cedures described herein can be used to monitor and evalu-
ate any types of fission gas production, off-gassing
processes, and capture, and that the specific gasses, off-
gassing processes, and systems and methods of fission gas
production/capture discussed with reference to the present
example are only non-limiting examples.

[0132] Implementations of the present disclosure include
methods of salt preparation. A 13.8 g of MgCl,—KCl—
UCl; (DU) fuel salt was prepared. High purity (99.99%)
MgCl, and KClI were acquired through commercial vendors
and mixed with a 0.3:0.7 molar ratio in terms of MgCl,:KCl.
The UCI; salt was synthesized by using DU metal rods and
FeCl, in MgCl,—KCl at ~500° C. Salt samples were taken
and measured by ICP-MS, and the UCl, concentration was
determined to be 15.15 wt % with ***> U concentration at
0.07 wt % and ***U concentration at 10.38 wt %. The FeCl,
concentration was 0.045 wt %. The total uranium in the
sample had an overall average of 10.45 wt %. Following
these measurements, the MgCl,—KCIl—UCI, salt mixture
was packed in an argon glovebox and shipped.
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[0133] Implementations of the present disclosure include
methods of molten salt processing with off-gassing capa-
bilities.

[0134] Implementations of the present disclosure include
salt irradiation capsules that can be used as containers for the
different materials and/or samples described herein. FIG. 6
illustrates an outer aluminum irradiation vessel 600 and a
crimped quartz capsule 650.

[0135] The irradiation capsules for holding the solid and
molten fuel salt mixture during post-irradiation heating can
be designed with high purity fused quartz (99.98% SiO,)
body which can be sealed with a flexible graphite gasket or
Grafoil (GHL 2030L) with a minimum 99% carbon weight
percentage. FIG. 7 illustrates the crimped quartz capsule 650
of FIG. 6 inserted into the outer aluminum irradiation vessel
600 of FIG. 6. The seal and capsule are held together with
an aluminum crimp cap rated for 45 psi release pressure.
Using the ideal gas law (Equation 1), it was determined that
the maximum pressure increase of 6 mL of argon gas in the
remaining cavity space of the bottle would not exceed 24 psi
above atmospheric with a temperature increase of 130° C.,
that is, an increase from 20° C. to 150° C.

PV=nRT 1

[0136] The maximum temperatures observed in the des-
ignated irradiation facility due only to reactor core heating
have been shown not to exceed 110° C. at full power (450
kW,,). The melting point of the eutectic mixture of fuel salt
has been determined to be approximately 430° C., which
means the salt will remain solid during the irradiation
period.

[0137] Conservative estimates of the salt activity levels for
10 grams of mixture were calculated and dose rates for
gamma radiation were determined to be <30 mrem/hr at 10
cm from the source after 64 hours post-irradiation. Dose
rates for beta radiation are estimated to be much higher but
can be easily contained and shielded to prevent harm to
personnel.

[0138] Once the activity levels are deemed safe, the cap-
sule can be transferred to the glovebox where gamma
spectra will be collected at 10 days and 100 days after
irradiation. An example glovebox is shown in FIG. 11. For
the first experiment, the capsule can remain sealed. A HPGe
gamma-ray detector can be connected through a side port of
the glovebox to measure the irradiated salt as well as the
fission gas activities.

[0139] After obtaining the salt gamma spectra, the subse-
quent experiments can focus on evaluating the RTD method.
A salt sample containing the tracer can be irradiated using
the same process in solid form. After irradiation, the capsule
can be transferred to an airtight containment and heating
vessel in the argon environment within a glovebox. The
containment system can be designed so that the vessel may
be rotated 90 degrees to allow a venting needle attached to
a weighted piston necessary to drop onto the capsule head
and puncture the seal for releasing gaseous fission products
or vapor.

[0140] The released fission product gases, if any, will be
vented through an off-gassing line to a decay tank outside
the glovebox that will be kept at negative pressure. Activity
of the entire sample will be measured. A line cooled with
liquid nitrogen will serve as a cold trap to condense the
fission product gases and a significant portion of the argon
gas. The boiling points for xenon and krypton are —107.1° C.
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and 153.4° C. respectively while the liquid nitrogen will be
held below —200° C. to condense and isolate the gases.
[0141] Once the off-gassing process is complete with
possible fission product gases measured and analyzed, the
salt sample will then be heated to 450° C. using a small
heating plate (e.g., a kiln sold under the trade name Ultralite)
sitnated within a containment vessel (FIG. 8). FIG. 9 illus-
trates a perspective view of an example containment vessel.
The kiln is capable of reaching up to 850° C. at 250 W with
120 VAC. The internal temperature of the tube can be
controlled and monitored with an external power supply and
controller which includes over-temperature protection. In
addition, a water-cooled jacket is included in the design to
prevent overheating the glovebox, regulate pressure within
the vessel, and preserve the integrity of all sealing gaskets
and valves.

[0142] When the fuel salt mixture has melted, the venting
system can be cycled a second time to flush out any
remaining fission gases from the salt. These gases can be
measured and analyzed. The system can be flushed with
fresh argon, the central valve will be opened, and an
extraction wire can be inserted through the venting piston
and needle using a guide tube specially machined to mate
with the topmost section of the weighted piston. FIG. 10
illustrates an example tube for aligning and venting a sample
capsule.

[0143] Afterwards, a small sample of the salt can be taken
from the capsule and its mass and activity will be measured.
Using Equation 2, the mass of the original fuel salt mixture
(assumed unknown) can be determined through the RTD
method.

A @
Mass;,; = (A_) *Massampie
2

[0144] A customized glovebox 1100 is illustrated in FIG.
11 including a gamma ray measurement port 1110 that has
been installed to measure the gamma spectrum of the
irradiated salt inside the glovebox 1100, along with the
gamma spectrum from the fission gas. Gamma spectroscopy
of the irradiated salt can be performed using the High Purity
Germanium (HPGe) detector (ORTEC GEM 15P4-70
Coaxial P-type), as illustrated in the system 1200 of FIG. 12,
with a useful energy range of 40 keV to 10 MeV. The probe
for the detector can be mounted in the measuring port
directly adjacent to the work area within a glovebox.

[0145] In the study, the initial burn-up analysis was per-
formed using the Oak Ridge Isotope GENeration (ORIGEN)
and Monte-Carlo N-Particle transport (MCNP) codes. The
simulation utilized flux information from the Ohio State
University Research Reactor (OSURR) auxiliary irradiation
facility (AIF) where the salt will ultimately be irradiated.
After an irradiation time of 1 hour and cool down of 3 days,
the results of the simulation indicated that the burnup of the
#Na tracer was 0.05% of the original 10 puCi added to the
fuel-bearing salt. In comparison, MCNP determined a
0.025% burnup of #*Na after the same period. This result
indicates that the tracer will retain sufficient activity for
gamma spectrum analysis. Monitoring the production of
additional radioactive isotopes can also be performed in the
simulation, for example the production of fission products
gases and isotopes that would cause spectral interference to
the **Na gamma peak. This analysis can provide an expec-
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tation of the type and amount of fission gases that would be
released during the off-gassing process. ORIGEN shows
timestamps for the production and decay of isotopes from
start of irradiation through the 3-day decay period; an
expected level of both stable and radioactive gases can be
summed together. As the initial irradiation of the salt will be
done in its solid phase, the solubility of gases in the solid salt
was considered. MCNP simulations involving CINDER90
were used to determine quantities and activity levels fol-
lowing irradiation. As used herein, the following abbrevia-
tions are used:

[0146] m 1=mass after 1 hour irradiation
[0147] m 2=mass after 3 days decay
[0148] A, =activity after 1 hour irradiation
[0149] A,=activity after 3 days decay.
[0150] The studied MCNP calculations were based on 100

cycles with 107 particles per sample. Flux values in the
sample were determined to be 2.0x10'* n/cm?*/sec with an
error of 1.49% within a volume of 4.119 cm? for 1 hour at
450 kW ,. Isotopes of interest were noted including 154Eu
which shares a gamma energy around the same 1274.54 keV
peak as the **Na tracer. The expected quantity of ***Eu after
a 1-hour burn would be equivalent to 3.8x107!7 grams
producing an approximate activity of 1x107> pCi.

[0151] Calculations using 10 micrograms of **Na tracer
proved to be much higher in activity levels than necessary.
Therefore, another burn-up analysis was conducted with
MCNP using an initial quantity of 0.016 micrograms. This
resulted in 1.596x10~® grams with an activity of 99.7 pCi
after 3 days. This activity level was deemed to be much more
manageable for post-irradiation analysis. Guided by these
results, the amount of >>Na tracer to be added in the actual
irradiation experiment could be greatly reduced.

Example 2

[0152] FIG. 14A illustrates a line drawing of a cross
section of an example implementation of the present disclo-
sure. FIG. 14B illustrates a cross section of the example
implementation shown in FIG. 14A. The example imple-
mentations shown in FIGS. 14A and 14B can be used for
heating, venting and sampling small scale (10-20 mL)
radioactive samples. The cooling jacket can be included for
preserving integrity of sealing components (i.e. gaskets and
hoses).

[0153] FIG. 15A illustrates aluminum crimp caps, and
FIG. 15B illustrates 20 mm solid caps. In some implemen-
tations, a pressure increase in a container is about 21 psi
during a temperature rise from 20 degrees Celsius to 150
degrees Celsius, when about 1 ml of argon is in the con-
tainer.

[0154] The aluminum crimp seals 1500 and/or solid caps
1550 can be sealed using gaskets. An example gasket 1600
is shown in FIG. 16A. Optionally, the gasket can be a Mica
gasket sold under the tradename MicaTherm with a maxi-
mum temperature of about 900 degrees Celsius in oxygen.
Alternatively or additionally, the gasket can be a flexible
graphite gasket with a maximum temperature of about 450
degrees Celsius in oxygen, or 2980 degrees Celsius in argon.
Example properties of mica gaskets are shown in FIG. 17,
with an example maximum pressure of 870 psi. An example
flexible graphite gasket 1600 is shown in FIG. 16A. FIG.
16B illustrates another example flexible graphite gasket,
according to implementations of the present disclosure.
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[0155] FIGS. 18A-18E illustrate example experimental
configurations of a container, according to implementations
of the present disclosure.

[0156] FIG. 19A illustrates an example leak test using 11
mm seals with heated vapor. FIG. 19B illustrates the results
of the example leak test shown in FIG. 19A.

[0157] FIG. 20A illustrates experimental heating results
without cooling jacket water circulating for the implemen-
tation of the present disclosure shown in FIG. 8.

[0158] FIG. 20B illustrates experimental heating results
with cooling jacket water circulating for the implementation
of the present disclosure shown in FIG. 8.

[0159] FIG. 21A illustrates an experimental implementa-
tion of a stainless steel jacketed container. FIG. 21B illus-
trates a heating mechanism that can be positioned in the
stainless steel jacketed container of FIG. 21A. FIG. 21C
illustrates the heating mechanism of FIG. 21B in the stain-
less steel jacketed container of FIG. 21A.

[0160] The experimental implementation of a stainless
steel jacketed container and heating mechanism shown in
FIGS. 21A-21C can include the following characteristics:

[0161] Stainless Steel Jacketed Container: 5.75" 1.D. 8"
Deep.

[0162] Cooling fittings: 12" NPT hose Tri-clamp lid.

[0163] Center Tube: 1.365" 1.D. Gas fittings: 4" NPT
hose

[0164] Resistance heater-hot plate: Max Temp: 840 C

(1550 F) Voltage: 120 VAC
[0165] The experimental implementation included a
sample alignment holder with venting mechanism (also
referred to herein as a “capsule alignment holder” or a collar
coupler”). FIG. 5 illustrates another example of a capsule
alignment holder that can be used with implementations of
the present disclosure. FIG. 22A illustrates a bottom view of
the sample alignment holder, and FIG. 22B illustrates a
perspective view of the sample alignment holder.
[0166] FIG. 23A illustrates a closed sample alignment
collar, according to an example implementation. FIG. 23B
illustrates an open sample alignment collar, according to an
example implementation. FIG. 23C illustrates an example
venting cylinder and needle, according to an example imple-
mentation described herein. FIG. 23D illustrates an example
venting needle with a fitted spacer, according to an example
implementation described herein. FIG. 23E illustrates an
example perspective view of a venting cylinder. FIG. 23F
illustrates a perspective view of anan example venting
cylinder and needle.
[0167] The experimental implementation also included a
venting and alignment apparatus for sampling within a
central tube. FIG. 24A illustrates a perspective view of the
venting cylinder and needle. FIG. 24B illustrates a illustrates
a perspective view of the venting cylinder, needle, and rod.
FIG. 24C illustrates an example alignment apparatus and
venting cylinder and rod. FIG. 24D illustrates the venting
cylinder disposed in the alignment apparatus. FIG. 24E
illustrates a perspective view of the venting cylinder and
needle.
[0168] The study described herein included a test of
piercing a foil seal using the force of gravity. FIG. 25A
illustrates a flexible graphite gasket, aluminum foil, and
crimp cap for sealing the sample container/vial. FIG. 25B
illustrates crimping a cap, foild, and grafoil together. FIG.
25C illustrates attaching a capsule head into a holder. FIG.
25D illustrates closing an alignment collar around the cap-
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sule. FIG. 25E illustrates tightening the alignment collar
fasteners. FIG. 25F illustrates positioning an alignment tube
in a containment vessel and loading a venting apparatus.
[0169] FIG. 26A illustrates loading a venting needle into
an alignment tube, using the implementation shown in FIGS.
25A-25F. FIG. 26B illustrates the venting needle and align-
ment tube of FIG. 26A aligned so that the force of gravity
propels the venting needle through the foil cap.

[0170] FIG. 27A illustrates an experimental implementa-
tion including a containment vessel. FIG. 27B illustrates the
containment vessel of FIG. 27A in an open position. FIG.
27C illustrates inserting an alignment tube into the contain-
ment vessel. FIG. 27D illustrates the alignment tube in the
containment vessel. FIG. 27E illustrates closing the contain-
ment vessel. FIG. 27F illustrates the containment vessel in
a closed position.

[0171] FIG. 28A illustrates the experimental implementa-
tion of FIGS. 27A-27F rotated 90 degrees. FIG. 28B illus-
trates a venting cylinder/needle loaded into the alignment
tube. FIG. 28C illustrates the venting apparatus loaded and
the vessel sealed with tri-clamp fittings horizontally. Vents in
the containment vessel can be closed, and any electrical
input can be sealed with silicon sealant and/or liquid elec-
trical tape. FIG. 28D illustrates the containment vessel with
the tri-clamp fittings attached. FIG. 29A illustrates the
containment vessel turned upright to allow the weighted
piston to drop onto the sample vessel and pierce the capsule
seal.

[0172] FIG. 29B illustrates venting the containment ves-
sel. FIG. 29C illustrates opening a center isolation valve to
insert an extraction tube and sampling wire. Optionally the
sampling wire is made from SS-304. FIG. 29D illustrates
sampling the capsule.

[0173] FIG. 30 illustrates monitoring the heating and
pressure of an example containment vessel during an experi-
ment.

Example 3

[0174] Implementations of the present disclosure include
methods and systems for processing radioactive materials.
FIG. 31 illustrates a processing system 3100 including a
containment vessel 3110, a pump 3120, a cooling reservoir
3130, an air inlet and filter 3140, and a decay tank 3150 for
fission off gassing. Optionally, any or all of the components
shown in FIG. 31 can be placed in a glovebox 3190. In the
example implementation shown in FIG. 31, the air inlet and
filter 3140 and containment vessel 3110 are inside the
glovebox 3190.

[0175] Implementations of the present disclosure include
systems and methods to evaluate the feasibility of a radio-
active tracer dilution (RTD) method of molten salt mass
determination for accounting total mass of fuel salt in
advanced liquid fueled molten salt systems. Implementa-
tions of the present disclosure also include methods of
irradiating a real fuel bearing salt at a small research reactor,
to evaluate the RTD method.

[0176] Alternatively or additionally, systems and methods
described herein can be used to validate the RTD method for
mass determination of fuel bearing molten salt at a small
scale to evaluate the possibilities of its deployment in
nuclear material accounting (NMA) scenarios such as those
in advanced LFMSRs. Alternatively or additionally the
systems and methods described herein can be used to
address various measurement challenges that hinder the
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accurate determination of salt mass by RTD and/or to
provide first hand experimental data to support RTD method
for NMA in LFMSRs.

[0177] An example method according to the present dis-
closure can include preparing a small fuel bearing salt
sample and irradiate it at a research reactor, mixing fuel
bearing salt with a radioactive tracer of known activity,
sampling the irradiated fuel bearing salt, measuring the mass
and activity of each salt, sampling while correcting for any
interference to tracer activity, and/or using the mass to
activity ratio and the known original tracer activity, while
accounting for any tracer burnup during irradiation, to
calculate the known original fuel salt mass.

[0178] Implementations of the present disclosure include
procedures for irradiation of fuel bearing salt sample and
including the design of a salt container capsule, a salt
heating apparatus and in situ gamma spectroscopy system,
along with comprehensive radiation safety analyses is under
preparation.

[0179] Implementations of the present disclosure include
salt preparations. 13.8 g of MgCl, KC1 UCI, fuel salt can be
used. High purity 99.99% MgCl, and KCl were acquired
through commercial vendors and mixed with a 0.3:0.7 molar
ratio in terms of MgCl, KCI. The UCl; concentration was
determined to be 15.15 wt % with ***> U concentration at
0.07 wt % and ***U concentration at 10.38 wt %. The FeCl,
concentration was 0.045 wt % The total uranium in the
sample had an overall average of 10.45 wt %

[0180] Tests were performed on a flexible graphite
(grafoil) gasket. FIG. 32 illustrates an experimental setup,
according to implementations of the present disclosure. The
external temperatures when the interior is at 500 degrees
Celsius were 83-110 degrees Fahrenheit at the body/neck/
center, and 110 degrees Fahrenheit at the bottle cap. The
external temperatures when the interior is 700 degrees
Celsius were 82-90 degrees Fahrenheit at the body/neck/
center, 100-200 degrees Fahrenheit at the bottle cap, and 100
degrees Fahrenheit at the return water line.

[0181] FIG. 33A illustrates a cap after 1 hour at 700
degrees Celsius based on the internal chamber temperature.
FIG. 33B illustrates a grafoil gasket after 1 hour at 700
degrees Celsius based on the internal chamber temperature.
FIG. 33C illustrates a second view of a grafoil gasket after
1 hour at 700 degrees Celsius based on the internal chamber
temperature. FIG. 33D illustrates a third view of a grafoil
gasket after 1 hour at 700 degrees Celsius based on the
internal chamber temperature. Optionally, the gasket can be
a PTFE gasket rated up to 260 degrees Celsius.

[0182] The study of the example implementation included
MCNP calculations based on 100 cycles with 107 particles
per sample. Flux values in the sample were determined to be
2.0x10" n/cm?*/sec with an error of 1.49% within a volume
of 4.119 cm?® for 1 hour at 450 kW ,. Isotopes of interest
were noted including 154Eu which shares a gamma energy
around the same 1274.54 keV peak as the **Na tracer. The
expected quantity of '**Eu after a 1-hour burn would be
equivalent to 3.8x107'7 grams producing an approximate
activity of 1x107> uCi.

[0183] Calculations using 10 micrograms of *>NA tracer
proved to be much higher in activity levels than necessary.
Therefore, another burn-up analysis was conducted with
MCNP using an initial quantity of 0.016 micrograms. This
resulted in 1.596x107® grams with an activity of 99.7 uCi
after 3 days. This activity level was deemed to be much more
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manageable for post-irradiation analysis. Guided by these
results, the amount of >>Na tracer to be added in the actual
irradiation experiment could be greatly reduced.

[0184] A number of example implementations are pro-
vided herein. However, it is understood that various modi-
fications can be made without departing from the spirit and
scope of the disclosure herein. As used in the specification,
and in the appended claims, the singular forms “a,” “an,”
“the” include plural referents unless the context clearly
dictates otherwise. The term “comprising” and variations
thereof as used herein is used synonymously with the term
“including” and variations thereof and are open, non-limit-
ing terms. Although the terms “comprising” and “including”
have been used herein to describe various implementations,
the terms “consisting essentially of” and “consisting of” can
be used in place of “comprising” and “including” to provide
for more specific implementations and are also disclosed.
[0185] Disclosed are materials, systems, devices, meth-
ods, compositions, and components that can be used for, can
be used in conjunction with, can be used in preparation for,
or are products of the disclosed methods, systems, and
devices. These and other components are disclosed herein,
and it is understood that when combinations, subsets, inter-
actions, groups, etc. of these components are disclosed that
while specific reference of each various individual and
collective combinations and permutations of these compo-
nents may not be explicitly disclosed, each is specifically
contemplated and described herein. For example, if a device
is disclosed and discussed each and every combination and
permutation of the device are disclosed herein, and the
modifications that are possible are specifically contemplated
unless specifically indicated to the contrary. Likewise, any
subset or combination of these is also specifically contem-
plated and disclosed. This concept applies to all aspects of
this disclosure including, but not limited to, steps in methods
using the disclosed systems or devices. Thus, if there are a
variety of additional steps that can be performed, it is
understood that each of these additional steps can be per-
formed with any specific method steps or combination of
method steps of the disclosed methods, and that each such
combination or subset of combinations is specifically con-
templated and should be considered disclosed.
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What is claimed is:
1. An extraction system, the system comprising:

a main body having a longitudinal axis, a first body end,
and a second body end opposite and spaced apart along
the longitudinal axis from the first body end, wherein
the first body end includes a collar coupler for coupling
the main body to a pierceable portion of a container
defining a container chamber, the first body end defin-
ing a first channel extending along the longitudinal axis
toward the second body end such that the first channel
is in fluid communication with the pierceable portion
when the container is coupled to the coupler, wherein
the second body end defines a second channel extend-
ing along the longitudinal axis toward the first body end
such that the second channel is in fluid communication
with the first channel; and

a piston having a first piston end and a second piston end
opposite and spaced apart from the first piston end, the
piston defining a piston channel extending from the first
piston end to the second piston end, the piston includ-
ing a hollow needle extending from the first piston end
and in fluid communication with the piston channel,

wherein the piston is slidably disposable within the sec-
ond channel such that, when the piston slides through
the second channel toward the first body end, the
hollow needle of the piston extends through the first
channel to pierce the pierceable portion of the container
such that the container chamber of the container is in
fluid communication with the second body end through
the hollow needle, the piston channel, and the second
channel.

2. The system of claim 1, wherein, when the main body
is oriented such that the longitudinal axis is parallel to a
gravitational axis and the first body end is below the second
body end, the piston is slidable through the second channel
toward the first body end by gravity.

3. The system of claim 1, wherein the pierceable portion
of the container is a foil cap.

4. The system of claim 1, further comprising a contain-
ment vessel, the containment vessel comprising an opening
configured to couple to the main body.

5. The system of claim 4, further comprising a heater
disposed within the containment vessel.

6. The system of claim 5, wherein the containment vessel
further comprises a cooling jacket.

7. The system of claim 5, further comprising a sensor
disposed within the containment vessel.

8. The system of claim 1, further comprising a tube
disposed in the hollow needle of the piston.

9. The system of claim 8, further comprising a rod
disposed within the tube and configured to retrieve a sample
from the container through the hollow needle of the piston.

10. The system of claim 1, wherein the collar coupler
includes two or more collar portions are movable radially
inwardly to contact a portion of the container.

11. A method of processing a material, the method com-
prising:

providing the material in a container, wherein the con-

tainer comprises a pierceable portion;
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coupling the container to a main body, wherein the main
body comprises a piston configured to pierce the
pierceable portion of the container, the piston compris-
ing a hollow needle;

coupling the main body to a containment vessel;

heating the container to produce a processed material;

piercing the pierceable portion of the container using the
piston; and

retrieving the processed material.

12. The method of claim 11, wherein the processed
material comprises tritium, and a radioactive salt.

13. The method of claim 12, wherein piercing the pierce-
able portion of the container comprises rotating the main
body.

14. The method of claim 13, wherein the main body is
oriented so that the piston is pulled toward the pierceable
portion of the container by gravity.
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15. The method of claim 13, wherein retrieving the
processed material comprises inserting a tube or wire
through the hollow needle.

16. The method of claim 13, wherein retrieving the
processed material comprises venting a gas through the
hollow needle.

17. The method of claim 15, wherein the method further
comprises purging the container.

18. The method of claim 15, wherein purging the con-
tainer comprises adding an inert gas to the container.

19. The method of claim 18, wherein the inert gas
comprises argon.

20. The method of claim 11, further comprising cooling at
least one of the main body, the container, or the material
using a cooling jacket.
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